A 2-year-old neutered male cat with idiopathic hemolytic anemia had cartilaginous exostoses on the ribs, sternum, vertebrae and scapulae. The range of lesions in the cat resembled that reported in the dog. Radiographic and histologic appearances of the cartilaginous exostoses were like those reported for other species. Theories of the pathogenesis of this disease are presented. Electron microscopic examination of two widely separated cartilage-capped exostoses showed 'C'-type viral particles resembling those of feline leukemia to be associated with the plasma membrane of chondroblastic elements.
Multiple cartilaginous exostoses or osteochondromatosis is a condition in which multiple partially ossified protuberances (osteochondromas) arise from the cortex of bones, typically of endochondral origin. There are numerous descriptions of this disease in man, in whom it is considered to have a hereditary basis [l, 18, 23, 301 . A similar disease has been reported in the dog [2, 5, 6, 14, 26, 271 , horse [9, 251 , and cat [3, 20, 291 . Often these exostoses are incidental findings in animals with another disease. The condition becomes of clinical importance only when there is pain, disfigurement, interference with locomotion, or malignant change.
Radiographic, histologic and electron microscopic findings in a cat with cartilaginous exostoses are reported.
Case Report
A 2-year-old, neutered male Siamese cat had an idiopathic hemolytic anemia and a skin condition that had persisted for over 1 year. The diet had been commercial cat food and table scraps without additional vitamin or mineral supplementation. The cat was anorectic, depressed, and cachectic. There were numerous firm growths over the ribs, sternum, scapulae, and cervical and lumbar vertebrae.
Radiographic examination of the thorax showed there were extensive calcified masses originating from the fourth, fifth and sixth costal cartilages ( fig. 1) . The sternebrae did not seem to be affected. These masses projected dorsally into the thorax and caused displacement of the heart shadow. There also were calcified protuberances on both scapulae and in the cervical, thoracic, and lumbar vertebrae. These were well circumscribed and varied considerably in density from one area to the next. A diagnosis of osteochondromatosis was made. The cat was killed at the owner's request. Necropsy followed immediately.
The tissues for histopathology were fixed in 10% buffered neutral formalin, decalcified in 15% formic acid, embedded in paraffin, sectioned at 5 to 6 pm, and stained with hematoxylin and eosin. Tissues for ultrastructural examination were diced while immersed in 2% glutaraldehyde in Millonig's buffer. These blocks were then fixed in buffered 1 % osmium tetroxide, dehydrated in serial alcohols, and embedded in Epon. Ultrathin sections for electron microscopy were stained with uranyl acetate and lead citrate. 
Pathologic Findings
At necropsy, significant findings were confined to the skeleton. Bony protuberances capped with cartilage were found on both scapulae. On the right scapula, one exostosis (2x 1 x 3 cm) arose from the spine and the other (1 .O x 0.4 x 0.3 cm) from the lateral border of the glenoid fossa. Several small exostoses that had become fused into one large 5-cm ovoid nodule emanated from the spine of the left scapula. Similarly, multiple adjacent nodules each centered upon a costal cartilage fused with one another along their borders to form an extensive ventral thoracic mass that displaced the apex of the heart and protruded along the ventral and lateral external thoracic surfaces. Radiographs of the rib cage taken after necropsy best illustrated the nature of this lesion ( fig. 2 ). Other exostoses ranging from 0.3 to 2.5 cm in length were located on the bodies and spines of the following vertebrae: C2, C,, C,, T,,, L,, and L, ( fig. 3) . No exostoses were present in the long bones or in the skull. Microscopic examination showed that exostoses arose as outgrowths from the cortices of affected bones. Marrow spaces within the bone and the overlying exostoses were conjoined. The large irregularly shaped bony growths on the scapulae arose along a rather broad base. The cortex of each growth was thin and uninterrupted except by the apical cap of hyaline cartilage ( fig. 4) . Growth of a lesion depended on the activity of its cartilaginous cap since the periosteum covering cortical portions was generally inactive. Central regions of exostoses contained mature cancellous bone and nodules of cartilage undergoing endochondral ossification. All bony surfaces within the growth showed evidence of remodeling. Marrow spaces within the growth were fibrotic but contained some hemopoietic tissue.
Cartilaginous nodules on the ribs arose from the surfaces of the costal cartilages with which they shared a common perichondrium. Endochondral ossification was nearly complete in many of the larger growths. Both of the vertebral exostoses examined had cartilaginous borders.
Ultrastructural examination of tissue from an osteochondroma on the left scapula and one on the right fifth costal cartilage revealed viral particles both free and budding from the surfaces of chondroblastic cells ( fig. 5) . Cells with viral particles were not numerous, but affected cells occurred in clusters in which each cell had many particles. Size (range: 110 to 120 nm) and shape of particles resembled those of the C-type feline leukemia virus. Viral particles were not seen in several samples of bone marrow, spleen, liver, and lymph node.
Discussion
Multiple cartilaginous exostosis in man, in whom it is considered to be a congenital or hereditary bone dysplasia, is well documented [I, 18, 23, 301. Exostoses usually cause no clinical signs. During childhood or adolescence, they are recognized because of interference with locomotion and pain caused by pressure on adjacent tissue. Any bone of endochondral origin may be affected [38] , but common sites of exostoses are the juxtaepiphyseal parts of long bones. The scapulae, ribs, vertebrae, and pelvis are sometimes affected. Occasionally, chondrosarcomas develop within the exostoses. Reports of this disease in animals are uncommon; most reports refer to cases in dogs that had multiple exostoses of the vertebrae and ribs [2, 5, 6, 14, 26, 271 . Chondrosarcoma occurred in one dog [2] , and osteosarcoma in another [27] . A hereditary pattern has been implicated in the dog [6, 141, and horse [25] .
Too few cases have been reported in the cat to permit generalizations on frequency by breed, sex, and distribution of lesions. One author [20] illustrated chondromatous tumors of the pubic symphysis, mandibular condyle, scapula, and rib in a cat of undetermined breed and sex. A second report [29] describes osteochondromas arising from the temporal bone, left scapula, and distal metaphysis of each radius of a female Siamese cat. 4 recent case report in another female Siamese cat recorded exostoses on a scapula, two ribs, four thoracic vertebrae, and the pelvis [3] . When considered with the present report the range of lesions in the cat resembles that reported in the dog. Cranial exostoses, which occur rarely in man [l], have not been reported in the dog.
On the basis of history, physical examination and radiological and biopsy findings this condition can be diagnosed and differentiated from hypervitaminosis A, a disease characterized by exostoses and ankyloses of cervical vertebrae and elbow joints [12, 331. In multiple cartilaginous exostosis the protuberances are firm with usually smooth, contoured borders. Exostoses often arise from flat bony surfaces or as outgrowths in juxtaepiphyseal regions of long bones. These well-structured, cartilage-capped exostoses are readily excised and histologically differentiated from the less ordered excessive osseocartilaginous hyperplasia seen mainly at joint margins in hypervitaminosis A.
The cause of this disease is not known. Some theories of the pathogenesis in man 11, 21, 241 and animals [25] promote congenital dysplasia of the epiphyseal plates. Others consider that disordered periosteal activity resulting in formation of cartilage may lead to the pathogenesis of this lesion [ 18, 291 . The latter theory best explains the origin of those numerous protuberances from flat osseous surfaces not adjacent to growth-plate areas. A cause for the periosteal hyperplasia has not been suggested.
Feline leukemia virus has been used experimentally to produce lymphosarcoma in cats [19, 28, 36, 371 and has been seen in marrow cells of cats with spontaneous myeloproliferative disease which has not yet been transmitted [32] . The virus has also been found in normal cats [ll] , and in cats with mammary adenocarcinoma [15] , and infectious peritonitis [16, 371. Recently a virus morphologically similar to leukemia virus has been found to produce fibrosarcoma [34] in cats.
Nonneoplastic osseous diseases caused by viruses include skeletal deformities in neonatal hamsters [lo, 221 and osteomyelitis in children [7, 8, 311 and in kittens [17] . Viruses have been shown to induce osteopetrosis in birds [4] and osteosarcoma in mice [13] , rats and hamsters [35] .
In the present case viral particles resembling feline leukemia virus were seen in both of the osteochondromas that were examined but not in samples of marrow, spleen, liver, and lymph nodes. It was not determined whether the particles in these osteochondromas were incidental or related to the pathogenesis of these tumors. Perhaps leukemia virus is best propagated in abnormal proliferative lesions, or it may indeed be one etiologic agent of cartilaginous exostoses in the cat. The random distribution of the exostoses, especially those arising upon the surfaces of flat bones, the spines of vertebrae, and from the skull, could be explained on the basis of a viral cause. Material is readily obtained since the exostoses in most instances can be removed without adversely affecting the health or appearance of the animal. Further investigations seem warranted.
